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Description 

[0001] The present invention concerns a method for 
the expression of target proteins in in vitro translation 
systems, characterized in that folding helper proteins 
are co-expressed in this system. The co-expressed fold- 
ing helper proteins are selected from one or several of 
the following protein classes: Hsp70-, Hsp60-, Hsp90-, 
Hsp100-protein family, the family of small heat shock 
proteins and isomerases. 

[0002] The folding of large oligomeric proteins in vitro 
is frequently impaired by the occurrence of aggregation 
(Jaenicke and Rudolph, 1 986; Buchner, 1 996; Jaenicke, 
1 997). Aggregation is an alternative route to normal fold- 
ing which competes with correct folding and association. 
The reason for the aggregation is the formation of incor- 
rect intermolecular interactions (Kiefhaber et al., 1991) 
which ultimately lead to the formation of heterogeneous 
aggregates in which the polypeptide chains contained 
therein are irreversibly lost. It is possible to minimize ag- 
gregation in vitro as an undesired side reaction by phys- 
ico-chemical parameters such as protein concentration, 
solvent conditions, temperature or ionic strength (Jaen- 
icke and Rudolph, 1989; Kiefhaber et al., 1991; Buchn- 
er, 1996; Jaenicke, 1997). In contrast the external con- 
ditions for all proteins are constant in vivo. An E. coli cell 
achieves an apparent folding yield of almost 100 % de- 
spite the enormous rate of synthesis of ca. 60000 
polypeptide chains per minute (Lorimer, 1996). Al- 
though misfolding and incorrect assembling of proteins 
also occurs in vivo (Hartley and Helenius, 1989; Pel- 
ham, 1989; Helenius et al., 1992), this is minimized by 
several endogenous cell factors. Chaperones or heat 
shock proteins prevent unspecific aggregation (Buchner 
et al., 1996) and misfolded proteins or proteins that fold 
too slowly are degraded (Gottesman and Maurizi, 
1992). Mutagenesis studies on heat shock-deficient E. 
co// strains showed that so-called inclusion bodies occur 
at elevated growth temperatures (Grangerov et al., 
1 991 ). Independently thereof it was shown that the for- 
mation of inclusion bodies resulting from the overex- 
pression of recombinant proteins in E. coli can be effi- 
ciently suppressed by a simultaneous overexpression 
of endogenous cell heat shock proteins (Goloubinoff et 
al.,1989; Daleetal., 1994; Amreinetal., 1995). Protein 
import into cellular compartments such as mitochondria 
also depends on heat shock proteins located in the or- 
ganelles. On the basis of these observations the folding 
of proteins can be regarded as a spontaneous process 
which is assisted by folding helper proteins (Horwich et 
al., 1993; Hendrick and Hartl, 1993; Georgopoulos and 
Welch, 1993). Hence the precise interplay between 
these endogenous cell factors reduces incorrect folding 
processes and promotes the correct folding of polypep- 
tides (Buchner, 1996; BeiBinger and Buchner, 1998; 
Hartl, 1998). • - 

[0003] Another important difference between folding 
in vitro and in vivo is that proteins in the cell are folded 



2 

vectorially from the N- to the C-terminus (Bergman and 
Kuhl, 1979; Braakman etal., 1 991). This process occurs 
during translation or translocation. The onset of struc- 
ture formation already occurs while the polypeptide is 

5 still at the ribosome or during translocation. This also 
means that some hydrophobic regions and other poten- 
tial interaction regions of the polypeptide have to wait 
for their interaction partner that is still to be synthesized. 
However, non-appropriate interactions can occur during 

10 this synthesis process that can only be reversed under 
certain conditions and can lead to aggregation reac- 
tions. On the other hand disulfide bridges can already 
be detected in this state in immunoglobulins, serum al- 
bumin and haemaglutinin (Bergman & Kuhl, 1979; Pe- 

15 ters & Davidson, 1982; Braakman et al., 1991). It was 
shown that folding helper proteins of the Hsp70-chap- 
erone family can already interact with the nascent 
polypeptide chain during translation on the ribosome 
(Egers et al., 1997; Frydman et al., 1994; Hansen et al., 

20 1994; Welch et al., 1997). Many other processes such 
as the import of cytosolically synthesized polypeptide 
chains into mitochondria are dependent on folding help- 
er proteins (Dekker and Pfanner, 1999). In this connec- 
tion proteins can only be transported through one or 

25 both mitochondrial membranes in a linear unfolded 
state. In this process molecular chaperones are in- 
volved in the unfolding and stabilization of the unfolded 
state on the cytosolic site of the membrane as well as 
in the transport and folding in the mitochondria. 

30 [0004] In the case of folding in w'frothe formation and 
isomerization of disulfide bridges and the cis/trans- 
isomerization of prolines are in particular the rate deter- 
mining folding steps. These folding steps are catalysed 
by folding assistants in the cell. Protein disulfide isomer- 

35 ases such as PDI or DsbA accelerate redox reactions 
of cysteines and disulfides in polypeptides depending 
on the redox conditions (Wunderlich and Glockshuber, 
1993; Bardwell, 1997). The acceleration of this folding 
step reduces the concentration of intermediates during 

40 the folding process. This reduces concentration-de- 
pendent aggregation and increases the folding yield 
(Weissman and Kim, 1993; Lillie et al., 1994). Peptidyl- 
prolyl-cis/isomerases (PPI) catalyse isomerization be- 
tween the cis and trans form of peptide bonds in front of 

45 proline residues in polypeptide chains. In contrast to all 
other peptide bonds in native proteins, these can be 
present in their cis configuration (Schmid, 1997). 
[0005] The E. coli lysate that is frequently used in in 
vitro translation systems is a natural and optimal system 

so for protein folding. But in contrast to a functional cell, the 
amount of required chaperones is not automatically 
adapted to the synthesis output of the translation appa- 
ratus. The resulting overloading of the folding machinery 
in many cases results in the aggregation of the target 

55 protein. Various components of the folding machinery 
can be responsible for this inefficient folding depending 
on the target protein. 

[0006] The object of the present invention was to in- 
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crease the yield of target protein in an in vitro translation 
system by preventing aggregation of the target protein 
by providing the required chaperones in an adequate 
quantity in the in vitro translation system. This should at 
the same time increase the efficiency of the in vitro 
translation system. 

[0007] The object is achieved according to the inven- 
tion by a method for the expression of target proteins in 
in vitro translation systems characterized in that folding 
helper proteins are co-expressed in this system. The co- 
expressed folding helper proteins are selected from one 
or several of the following protein classes: Hsp60, 
Hsp70, Hsp90, Hsp100 protein family, family of the 
small heat shock proteins and isomerases. 
[0008] Molecular chaperones are the largest group of 
folding-assisting proteins and are understood according 
to the invention as folding helper proteins (Gething and 
Sambrook, 1992; Hartl, 1996; Buchner, 1996; BeiBinger 
and Buchner, 1998). Due to their overexpression under 
stress conditions, most molecular chaperones can also 
be allocated to the group of heat shock proteins (Geor- 
gopolous and Welch, 1993; Buchner, 1996), this group 
is also understood according to the invention as a fold- 
ing helper protein. 

[0009] Important folding helper proteins which are en- 
compassed by the present invention are elucidated in 
more detail in the following. The group of molecular 
chaperones can be divided on the basis of sequence 
homologies and molecular masses into five non-related 
protein classes i.e. the Hsp60, Hsp70, Hsp90, Hsp100 
protein families and the family of the small heat shock 
proteins (Gething and Sambrook, 1992; Hendrick and 
Hartl, 1993). 

♦ Hsp_60 

[0010] The best investigated chaperone overall is 
GroEL which is a member of the Hsp60 family from E. 
co/i. Members of the Hsp60 families are also referred to 
as chaperonins and are divided into two groups. GroEL 
and its co-chaperone GroES and their strongly homol- 
ogous relatives from other bacteria as well as mitochon- 
dria and chloroplasts form the group of I chaperonins 
(Sigler et al., 1998; Fenton and Horwich, 1994). The 
Hsp60 proteins from the eukaryotic cytosol from Arche- 
bacteria together form the group M chaperonins (Guts- 
che et al., 1999). The Hsp60 proteins in both groups 
have a similar oligomeric structure. In the case of GroEL 
and the other group I chaperonins, 14 GroEL subunits 
associate to form a cylinder composed of two heptamer 
rings whereas the heptamer ring structure in the group 
II chaperonins from Archebacteria is usually composed 
of two different subunits. In contrast members of the 
group 1 1 chaperonins from eukaryotic cytosol such as the 
CCT complex from yeast are composed of eight differ- 
ent subunits with an exactly defined organisation (Liou 
and Willison, 1 997). Non-native proteins can be interca- 
lated and bound in the central cavity of this cylinder. The 
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co-chaperone GroES also forms a heptameric ring and 
binds in this form to the poles of the GroEL cylinder. 
However this binding of GroES results in a limitation of 
the substrate binding depending on its size 10-55 kDa; 
5 (Ewalt et al., 1 997). The substrate binding is regulated 
by ATP-binding and hydrolysis. 

• Hsp70 

10 [001 1 ] In addition to members of the Hsp60 family, the 
Hsp70 proteins also bind to the nascent polypeptide 
chain (Beckman et al., 1990; Welch et al., 1997). There 
are usually several constitutively expressed and stress- 
induced members of the Hsp70 families present in 

15 prokaryotic as well as in eukaryotic cells (Vickery et al., 
1 997; Welch et al., 1 997). Apart from their involvement 
in protein folding directly on the ribosome, these pro- 
teins are also involved in the translocation of proteins 
through cell and organelle membranes (Schatz & Do- 

20 berstein, 1 996). It was shown that proteins can only be 
transported through membranes in an unfolded or par- 
tially folded state (Hannavy et al., 1993). During the 
translocation process in organelles, it is above all the 
members of the Hsp70 family that are involved in un- 

25 folding and stabilization on the cytosolic side as well as 
in the refolding on the organelle side (Hauke and 
Schatz, 1997). In all these processes the ATPase activ- 
ity of Hsp70 is essential for the function of the protein. 
A characteristic feature of the Hsp70 system is the con- 

30 trol of the activity by co-chaperones (Hsp40; DnaJ) in 
which the equilibrium between substrate binding and re- 
lease is influenced by specific modulation of the ATPase 
activity (Bukau and Horwich, 1998). 



[001 2] About 1 % of the soluble protein in the eukary- 
otic cytosol is Hsp90 which is thus one of the most 
strongly expressed proteins (Welch and Feramisco, 

^o 1982). The members of this family mainly act in mul- 
timeric complexes where they recognize numerous im- 
portant signal transduction proteins with similar struc- 
tures to the native proteins. Binding to Hsp90 and its 
partner proteins stabilizes these structures and thus fa- 

45 cilitates the binding of ligands to the signal proteins. In 
this manner the substrates can attain their active con- 
formation (Sullivan et al., 1997; Bohen et al., 1995; 
Buchner, 1999). 



[0013] Recently the Hsp100 chaperones have been 
particularly distinguished by their ability in cooperation 
with the Hsp70 chaperones to dissociate already formed 
55 aggregates (Parsell et al., 1994; Goloubinoff et al., 
1999; Mogk et al., 1999). Although their main function 
appears to be the mediation of thermotolerance 
(Schirmeret al., 1994: Krugeretal., 1994), some mem- 
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bers such as ClpA and CIpB together with the protease- 
subunit CIpP mediate the proteolytic degradation of pro- 
teins (Gottesman et al., 1997). 

♦ sHsps 5 

[0014] The fifth class of chaperones the small heat 
shock proteins (sHsps) are a very divergent family of 
heat shock proteins which are found in almost all organ- 
isms. The reason for thus naming this family of chaper- 10 
ones is their relatively low monomeric molecular weight 
of 15-40 kDa. However, sHsps usually exist in the cell 
as high-oligomeric complexes containing up to 50 sub- 
units which have been observed to have molecular 
masses of 1 25 kDa to 2 Mda (Spector et al., 1 971 ; Arrigo 15 
et al., 1988; And reasi - Bass i et al., 1995; Ehrnsperger et 
al., 1997). Like other chaperones, the sHsps can sup- 
press the aggregation of proteins in wfro(Horwitz, 1 992; 
Jakob et al., 1993; Merck et al., 1 993; Jakob and Buch- 
ner, 1994, LeeetaL 1995; Ehrnsperger et al., 1997b). 20 
In this process sHsps bind up to one substrate molecule 
per subunit and hence have a higher efficiency than the 
model chaperone GroEL (Jaenicke and Creighton, 
1993; Ganea and Harding, 1995; Lee et al., 1997; 
Ehrnsperger et al., 1 998a). Under stress conditions the 25 
binding of non-native protein to sHsps prevents the ir- 
reversible aggregation of the proteins. Binding to sHsps 
holds the proteins in a soluble folding-competent state. 
After restoring physiological conditions the non-native 
protein can be detached from the complex with sHsp by 30 
ATP-dependent chaperones like Hsp70 and reactivat- 
ed. 

* Isomerases 

35 

[0015] Folding catalysts from the class of peptidyl- 
prolyl-cis/trans isomerases and members of the di- 
sulfide isomerases for example come into consideration 
as isomerases for the method according to the inven- 
tion. 40 
[0016] Folding helper proteins which function in the 
same manner or in a similar manner to thefolding helper 
proteins described above are also encompassed by the 
present invention. 

[0017] According to the present invention it is pre- 45 
ferred that the co-expressed folding helper proteins are 
members of the Hsp60 protein family. Furthermore co- 
chaperones are preferably additionally co-expressed. 
According to the method according to the invention it is 
particularly preferred that Hsp60 as a folding helper pro- so 
tein and Hsp10 as a co-chaperone are co-expressed. It 
is particularly preferred that the co-expressed folding 
helper protein is GroEL. A method is particularly pre- 
ferred in which GroEL/GroES are co-expressed. 
[001 8] Another preferred variant of the method is that 55 
the co-expressed folding helper proteins are members 
of the Hsp70 protein family. Furthermore co-chaperones 
are preferably co-expressed in addition. In this variant 



it is particularly preferred that the co-expressed folding 
helper protein is a human Hsp70 protein. In particular it 
is then preferred that Hsp70 as a folding helper protein 
and Hsp40 as a co-chaperone are co-expressed. Ac- 
cording to the method of the invention, Hsp70 from hu- 
mans and Hdj 1 (Hsp40 from humans) are most prefer- 
ably co-expressed in this variant. 
[0019] According to the invention the target proteins 
can be all types of prokaroytic and eukaryotic proteins 
and also archaeal proteins. The expression of secretory 
proteins and membrane proteins was previously partic- 
ularly problematic in in vitro transcription/translation 
systems especially when folding helper proteins were 
not present in adequate amounts. Although the suc- 
cessful expression of lipoproteins and membrane pro- 
teins has been described in the prior art, it is subject to 
considerable limitations (Huppa and Ploegh, 1 997; Falk 
et al., 1997). The method according to the invention is 
particularly suitable for the expression of lipoproteins 
and membrane proteins and secretory proteins as the 
target protein since folding helper proteins can be pro- 
vided by the co-expression in an adequate amount. 
[0020] An advantage of the method according to the 
invention is in particular that the increase in the volume 
yield of the target protein in in vitro transcription/trans- 
lation systems occurs on a preparative scale. 
[0021] in vitro translation systems which can be the 
basis for the present invention and in particular coupled 
in vitro transcription/translation systems are described 
in more detail in the following section. At present the 
most efficient systems are based on E. coli, rabbit retic- 
ulocyte or wheat-germ lysates (Spirin, 1990; Stiege and 
Erdman, 1995). They are usually used as batch reac- 
tions with a defined reaction volume. E. co//-based re- 
actions can be used in a temperature range of 24-38°C. 
The 30S supernatant of E. coli lysates is usually used 
for these batch processes which, due to the high content 
of endogenous mRNA, has to be treated with RNase 
before using it for in vitro translation (Zubay, 1973). Re- 
actions based on wheat-germ lysates are normally only 
used in a temperature range of 20-27°C (Tulin et al., 
1 995) but have the advantage over E. coli lysates that 
they can be used directly for the expression of exoge- 
nous expression templates due to the low level of en- 
dogenous mRNA. Reticulocyte lysates are prepared by 
direct lysis of anaemic rabbit blood from which the en- 
dogenous mRNAs are removed by RNase treatment. 
These systems are usually used for processes in a tem- 
perature range of 30-38°C (Pelham and Jackson, 
1976). However, it should be noted that the working tem- 
perature not only has an effect on the translation proc- 
esses but also that the folding of the target proteins is 
extremely dependent on the respective working temper- 
ature. 

[0022] Protein synthesis in such batch reactions can 
only be maintained until the first important components 
are no longer functional due to degradation, inhibition 
or lack of energy. The biggest problem in this connection 
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is the energy supply for protein synthesis (Yao et al. } 
1997, Matveev et al., 1 996) which is why only relatively 
short synthesis times can be achieved in these batch 
reactions and hence only relatively low yields of target 
protein (on average 0.1 - 20 u.g/ml) (Mosca et al., 1 983). 
[0023] However, the mRNA required for protein syn- 
thesis can also be produced directly in the expression 
systems. For these so-called coupled transcription/ 
translation systems it is possible to use the endogenous 
RNA polymerase as well as exogenous phage RNA 
polymerases to prepare the mRNA in systems based on 
E. coli lysates (Chen and Zubay, 1983; Kohrer et al., 
1996). In contrast exogenous phage RNA polymerases 
are used in eukaryotic systems (Craig et al., 1992; Bar- 
anov and Spirin, 1993). But then of course appropriate 
DNA templates with corresponding promoter elements 
are required in such eukaryotic systems. 
[0024] The problem of short expression times and of 
the energy supply to the systems was solved with the 
continuous exchange ceil free translation apparatus 
(CECF) or continuous flow cell-free translation appara- 
tus (Spirin et al., 1988; Spirin, 1991). The fundamental 
idea is based on the continuous supply of energy and 
low-molecular components to the reaction and the con- 
tinuous removal of low-molecular byproducts. In this 
connection the reaction is supplied via a semi-permea- 
ble membrane from a separate feed compartment. 
[0025] The in vitro translation system is preferably a 
coupled in vitro transcription/translation system. The 
coupled in vitro transcript ion/trans I at ion preferably oc- 
curs in a CFCF or CEFC reactor. 

[0026] Vectors or DNA templates can be used for the 
co-expression in in vitro transcription/translation sys- 
tems whose structure corresponds to the expression 
vectors of the target proteins. In systems based on E. 
coli lysates it is possible to use promoters for the endog- 
enous E. coli RNA polymerase as well as vectors con- 
taining promoters for exogenous viral polymerases. In 
this connection the vectors should also contain a ribos- 
omal binding site and suitable terminator regions in ad- 
dition to the promoter regions. In principle it is also pos- 
sible to use linear DNA expression templates (e.g. PCR 
product). If circular expression vectors are used which 
have to be previously amplified in vivo before being used 
experimentally, they should contain suitable replication 
starting points and at least one selectable marker. The 
co-expression time period and the co-expression 
strength of chaperones can be optimized for the respec- 
tive substrate proteins (Lottspeich and Zorbas, 1998). 
[0027] In order to ensure a maximum efficiency of the 
chaperone machinery during the synthesis reaction, the 
co-expression should be regulated. An appropriate reg- 
ulation can be achieved, on the one hand, by the me- 
tered addition of the co-expression vectors or, on the 
other hand, by regulatory sequences in the promoter re- 
gions of the vector which can regulate the induction and 
strength of the expression. IPTG-inducible lac-operator 
sequences, binding sequences for tetracycline repres- 



sors or catabolite-inducible regulatory sequences (e.g. 
arabinose operator) can be used for such a regulation. 
However, in this connection separate induction of the 
target protein expression and of the chaperone co-ex- 

5 pression must be taken into consideration. 

[0028] Hence it is preferable to regulate the co-ex- 
pression of the folding helper proteins or of the chaper- 
ones. In particular it is preferred that the expression of 
the target proteins can be induced separately from the 

10 co-expression of the folding helper proteins or of the co- 
chaperones. 

[0029] DNA templates for eukaryotic systems should 
also be composed of appropriate promoter regions for 
viral RNA polymerases, the eukaryotic sequences re- 

15 quired to initiate translation and suitable terminators. 
Circular expression vectors that have to be amplified in 
E. coli for their experimental use, should also contain a 
replication start sequence for E. coli and at least one 
selectable marker in E. coli. In this case it was also pos- 

20 sibleto regulate the chaperone co-expression by appro- 
priate regulatory sequences for viral promoters (Lotts- 
peich and Zorbas : 1998). 

[0030] Since the overloading of the chaperone ma- 
chinery depends on the respective target protein and the 

25 rate of expression of the target protein, the amount of 
required chaperones depends strongly on the target 
protein. Hence in individual cases it may be important 
to optimize the expression rates of both expression tem- 
plates. Such an optimization can be achieved by varying 

30 the amount of expression template used in addition to 
the direct regulation of expression via promoters. In the 
case of target proteins that are very susceptible to ag- 
gregation it may indeed be necessary to use a large ex- 
cess of chaperones whereas for other target proteins 

35 the strong co-expression of chaperones could even in- 
terfere with the expression of the target protein. De- 
pending on the target protein, its functional expression 
may require the co-expression of single chaperones as 
well as the co-expression of several chaperones. In this 

40 connection it should also be noted that most chaperones 
only work effectively as complex systems with corre- 
sponding co-chaperones. Hence the co-expression of 
chaperones and appropriate co-chaperones is particu- 
larly preferred. 

45 [0031] The object according to the invention can also 
be achieved by adding purified chaperones and co- 
chaperones in the required amount. However, this proc- 
ess is relatively expensive. 

[0032] A further subject matter of the present inven- 
50 tion is the use of a vector containing a gene coding for 
a folding helper protein for the method according to the 
invention. Another subject matter of the present inven- 
tion is the use of a vector containing a gene coding for 
a co-chaperone for the method according to the inven- 
55 tion. 

[0033] A special subject matter of the present inven- 
tion is the use of a vector containing a gene coding for 
a folding helper protein and additionally containing a 
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promoter region, a ribosomal binding site and a termi- 
nator region for the method according to the invention. 
It is also particularly preferable to use a vector contain- 
ing a gene coding for a co-chaperone and additionally 
containing a promoter region, a ribosomal binding site 5 
and a terminator region for the method according to the 
invention. 

[0034] In the following examples the method accord- 
ing to the invention is carried out in a rapid translation 
system (RTS system) using mitochondrial citrate syn- 10 
thase as the target protein (porcine heart; EC 4.1 .3.7). 
GFP was used as another target protein. Unexpectedly 
co-expression of GroEL/ES in the RTS system as well 
as the addition of GroEL/ES led to an increase in the 
expression yields on a preparative scale. *5 

Figure legends 

[0035] Figurel: Influenceof GroEUES on the yield 
of active, purified CS in the RTS system: CS expres- 20 
sion of pIVEX 2.4b without addition of GroELVES. CS 
expression of pIVEX 2.4b, co-expression of GroEL/ES. 
CS expression of pIVEX 2.4b with addition of 150 nM 
purified GroEL and 300 nM purified GroES. 
[0036] Figure 2: Influence of Hsp70 and Hsp40 on the 25 
yield of GFP in the RTS system: GFP expression without 
addition of Hsp70 (from humans) and Hdj1 (Hsp40from 
humans). GFP expression with co-expression of Hsp70 
and Hdj1. GFP expression with addition of 300 nM 
Hsp70 and 300 nM Hdj1 . 30 
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Example 1 : 

[0038] A pIVEX 2.4b vector (Roche, Molecular Bio- 
chemicals) containing the citrate synthase gene was 
used for expression in the RTS system which expresses 
the citrate synthase gene with a Hts-tag fused to the N- 
terminus. The reactions were carried out for 24 h at 
27°C, 140 rpm using RTSmini kits of lot No. 85869220 
(Roche, Molecular Biochemicals). 
[0039] The aggregation of the expressed citrate syn- 
thase was suppressed by. on the one hand, co-express- 
ing GroEL/ES and, on the other hand, by adding purified 
GroEL/ES to the RTS reactions. 

[0040] 8 u.g pIVEX 2.4b and 8 u.g of the GroEL/ES- 
expressing plasmid was used in each case. The GroEL/ 
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ES-expressing plasmid corresponds to a modified pET 
vector (Novagen, Milwaukee, USA) which expresses 
the GroEL/ES operon underthe control of aT7 promoter 
(Ishii Yasuhawa et al., 1995). The expression of the 3 
5 proteins was checked with SDS-PAGE and immunoblot. 
All proteins are expressed in approximately equal 
amounts. 

[0041] The GroEL/ES used for the addition, was pu- 
rified as described in Schmidt et al., (1994). 150 nM 
10 GroEL and 300 nM GroES were added to the RTS sys- 
tem. 

[0042] After completion of the RTS reaction , the reac- 
tion mixtures were centrif uged for 1 0 min at 1 4000 g and 
4°C in order to separate aggregates from the soluble 

15 components. The soluble fraction was diluted 1:10 with 
Ni-NTA equilibration buffer (1 00 mM Na 2 HP0 4 , 300 mM 
NaCI, pH 7.4) and loaded at a continuous flow rate of 
0.5 ml/min onto a 1 ml Ni-NTA Superflow column (Qui- 
agen). The column was firstly washed with 5 ml equili- 

20 bration buffer and subsequently with 5 ml washing buffer 
(100 mM Na 2 HP0 4 , 300 mM NaCI, 30 mM imidazole, 
pH 6.8). The citrate synthase was then eluted from the 
column with 3 ml elution buffer (1 00 mM Na 2 HP0 4 , 300 
mM NaCI, 300 mM imidazole, pH 7.5). 

25 [0043] Co-enzyme A that is formed as a byproduct of 
the condensation of oxaloacetate stoichiometrically re- 
duces Ellman's reagent (DNTB) which is associated 
with an increase in the absorption at 412 nm. Correctly 
folded active citrate synthase can be detected with this 

30 reaction. For the activity determination 50 pj of the pu- 
rified citrate synthase (elution fraction), 900 uJ TE buffer 
(50 mM Tris/HCI, 2 mM EDTA, pH 8.0), 10 uJ oxaloace- 
tate (10 mM in 50 mM Tris), 10 ml DTNB (in TE buffer) 
and 30 uJ acetyl-CoA (in TE buffer) were mixed and in- 

35 cubated at 25°C. The change in absorbance was meas- 
ured continuously over a period of 5 min and the change 
in absorbance per minute was determined. The change 
in absorbance of purified citrate synthase was averaged 
in each case from three different RTS reactions. The av- 

40 eraged absorbance change in the RTS reactions with- 
out GroEL/ES co-expression was normalized to 1 . 

Result: 

45 [0044] As shown in figure 1 both approaches lead to 
high yields of active purified mitochondrial citrate syn- 
thase. Surprisingly the co-expression of the GroEL/ES 
system worked just as well as the direct addition of pu- 
rified GroEL and GroES. The yield of active purified tar- 

50 get protein was increased 5-fold by the co-expression 
of GroELyES. 

Example 2: 

55 [0045] GFP was used as a model substrate to exam- 
ine the effects of Hsp70 chaperones on expression in 
the RTS system,. The reactions were carried out for 24 
h at 27°C, 140 rpm using the RTSmini kit lot No. 
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4. Method as claimed in claim 3, characterized in 
that co-chaperones are additionally co-expressed. 

5. Method as claimed in claim 4, characterized in 
5 that Hsp60 is co-expressed as the folding helper 

protein and Hsp1 0 is co-expressed as the co-chap- 
eron e. 

6. Method as claimed in one of the claims 3-5, char- 
ge acterized in that the co-expressed folding helper 

protein is GroEL. 

7. Method as claimed in one of the claims 4-6, char- 
acterized in that GroEL/ES are co-expressed. 

15 

8. Method as claimed in claim 1 or 2, characterized 
in that the co-expressed folding helper proteins are 
members of the Hsp70 protein family. 

20 9. Method as claimed in claim 8, characterized in 
that co-chaperones are additionally co-expressed 

10. Method as claimed in claim 8 or 9, characterized 
in that the co-expressed folding helper protein is a 

25 human Hsp70 protein. 

11. Method as claimed in claim 9 or 10, characterized 
in that Hsp70 is co-expressed as a folding helper 
protein and Hsp40 is co-expressed as a co-chaper- 

30 one. 

12. Method as claimed in one of the claims 10-11, char- 
acterized in that Hsp70 from humans and Hdj1 
(Hsp40 from humans) are co-expressed. 

35 

13. Method as claimed in one of the claims 1 -12, char- 
acterized in that the in vitro translation system is 
a coupled in vitro transcription/translation system. 



15 

85869220 (Roche, catalogue). In order to ensure that 
GFP was oxidized during the reaction, only half amounts 
were used. In each case 5 u.g of the GFP control plasmid 
contained in the RTSmini kit was used. 
[0046] In order to examine the effects of Hsp70 on the 
expression yield in the system, human Hsp70 and 
Hsp40 were co-expressed, and on the other hand, pu- 
rified Hsp70 and Hsp40 were added to the RTS reac- 
tions. 

[0047] 8 u.g of the Hsp70 and Hsp40 expression plas- 
mids were used in each case. The Hsp70-expressing 
plasmid corresponds to a pET11 a vector (Novagen, Mil- 
waukee, USA), the Hsp40 (Hdj1) expressing plasmid 
corresponds to a pET21 d vector (Novagen, Milwaukee, 
USA), both genes were expressed under the control of 
a T7 promoter. 300 nM Hsp70 and 300 nM Hdj1 were 
added to the RTS system (Abravaya et al., 1 992). 
[0048] After completion of the RTS reaction, the reac- 
tion mixtures were centrifuged for 1 0 min at 1 4000 g and 
4°C to separate the aggregates from the soluble com- 
ponents. The fluorescence emission of the soluble frac- 
tions was measured at 430-580 nm at an excitation of 
395 nm. The relative fluorescence at 503 nm of the mix- 
ture without addition or co-expression of chaperones 
was normalized to 1 and compared to the fluorescence 
of the mixtures containing chaperones. In order to ex- 
clude the effects of the subsequent oxidation of GFP, 
the samples were measured again after 24 hours but no 
differences were observed. 

Result: 

[0049] As shown in figure 2, both approaches lead to 
high yields of active GFP. Surprisingly the addition as 
well as the co-expression of Hsp70 chaperones worked. 
The yield of active target protein was doubled by the co- 
expression of Hsp70 and Hsp40. Direct addition led to 
an increase of the yield by more than 3-fold. 



Claims 

1. Method for the expression of target proteins in in 
vitro translation systems, characterized in that 
folding helper proteins are co-expressed in this sys- 
tem. 

2. Method as claimed in claim 1 , characterized in 
that the co-expressed folding helper proteins are 
selected from one or several of the following protein 
classes; Hsp60, Hsp70, Hsp90, Hsp100 protein 
family, family of small heat shock proteins and iso- 
merases. 

3. Method as claimed in claim 1 or 2, characterized 
in that the co-expressed folding helper proteins are 
members of the Hsp60 protein family. 



40 14. Method as claimed in one of the claims 1-13, char- 
acterized in that the co-expression of the folding 
helper proteins and/or of the co-chaperones is reg- 
ulated. 

45 15. Method as claimed in claim 14, characterized in 

that the expression of the target proteins can be in- 
duced separately from the co-expression of the 
folding helper proteins or of the co-chaperones. 

so 16. Method as claimed in one of the claims 1-15, char- 
acterized in that the. coupled in vitro transcription/ 
translation takes place in a CFCF orCEFC reactor. 

1 7. Use of a vector containing a gene coding for a fold- 
55 ing helper protein for a method as claimed in one of 

the claims 1-16. 

18. Use of a vector containing a gene coding for a co- 
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chaperone for a method as claimed in one of the 
claims 1-16. 

19. Use of a vector containing a gene coding for a fold- 
ing helper protein and additionally containing a pro- 5 
moter region, a ribosomal binding site and a termi- 
nator region for a method as claimed in one of the 
claims 1-16. 

20. Use of a vector containing a gene coding for a co- 10 
chaperone and additionally containing a promoter 
region, a ribosomal binding site and a terminator re- 
gion for a method as claimed in one of the claims 
1-16. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



EP 1 254 962 A1 




without GroEL/ES . C °- ex P GroEL/ES addition of GroEL/ES 



Figure 1 



11 



EP 1 254 962 A1 




Figure 2 



EP 1 254 962 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 00 9650 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



WO 94 24303 A (RES DEV FOUNDATION 
;KUDLICKI WIESLAW (US) ; KRAMER GISELA 
(US); HAR) 27 October 1994 (1994-10-27) 

* page 2 - page 3 * 

* page 4, line 33 - page 5, line 2 + 

* page 10. line 8 - line 17; examples 
12,13,15; tables 7-9 * 

WO 00 08135 A (GERON CORP ; WHITE MICHAEL A 
(US)) 17 February 2000 (2000-02-17) 

* examples 3,8 + 

MATTS R L ET AL: "THE RELATIONSHIP 
BETWEEN PROTEIN SYNTHESIS AND HEAT SHOCK 
PROTEINS LEVELS IN RABBIT RETICULOCYTE 
LYSATES" 

JOURNAL OF BIOLOGICAL CHEMISTRY, 

vol. 267, no. 25. 1992, pages 18168-18174, 

XP002202578 

ISSN: 0021-9258 

* page 18173. right-hand column, paragraph 
4 - page 18174, left-hand column, 
paragraph 1; figures 2,4; tables 3,4 * 

-/-- 



1-20 



The present search report has been drawn up for all claims 



PIfioj o-i search 



MUNICH 



Relevant 
to claim 



1,2,8-12 



1-20 



Dete of completion ot the search 

19 Jure 2002 



CLASSIFICATION OF THE 
APPLICATION <lnt.CL7) 



C12P21/02 

C12N15/67 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



C12P 



van Heusden, M 



r, atp gory or ::\ \md documlnis 

X : parti nui arty Levant ii taken alum? 

V : particularly 'eevant H cornbinec witJi a-ioiher 

documenT of tne same categaiy 
A : teen not PQica! background 
O : non-written disclosure 
P : 'nUrniecii&le document 



T : tneory ci principle unoerryinq It 1 © »rwen:ion 
\: : earlier r-atenrt document, but pubiished on, or 

after the tiling date 
D document c ted in Ihe application 
I. ; dccui'"«rt cited tor other reasons 

R member ot the same pa:em family, corresponding 
document 



13 



EP 1 254 962 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 00 9650 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P,Y 



Citation of documerrt with indication, where appropriate, 
of r elevant passages 



JIANG X ET AL: "Expression of Fab 

fragment of catalytic antibody 6D9 in an 

Escherichia coli in vitro coupled 

transcript ion/transl atlon system" 

FEBS LETTERS, ELSEVIER SCIENCE PUBLISHERS , 

AMSTERDAM, NL , 

vol . 514, no. 2-3 T 

18 February 2002 (2002-02-18), pages 
290-294, XP004347714 
ISSN: 0014-5793 

* page 291, left-hand column, paragraph 5 

* 

* oage 292, right-hand column, line 4 - 
page 293, right-hand column, line 2; 
figure 6 * 

TYEDMERS JENS ET AL: "Assembly of 
heterodimeric lucif erase after de novo 
synthesis of subunits in rabbit 
reticulocyte lysate involves Hsc70 and 
Hsp40 at a post-transl ational stage." 
EUROPEAN JOURNAL OF BIOCHEMISTRY, 
vol. 267, no. 12, June 2000 (2000-06), 
pages 3575-3582, XP002202579 
ISSN: 0014-2956 

* oage 3576, left-hand column, paragraph 3 

* 

STIEGER ET AL: "The production of soluble 
recombinant proteins in E. coli assisted 
by molecular chaperones" 
IMMUNOLOGY METHODS MANUAL, XX, 



October 1996 (1996-10), 
XP002135427 

* the whole document * 



XX, 

pages 40-44, 



-/- 



The present search report has been drawn up for all claims 



Relevant 
to claim 



1-4,6,7, 
13,17-20 



1,2,8-13 



1-20 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



TECHNICAL FIELDS 
SEARCHED (lnt.Cf.7) 



Place of semen 

MUNICH 



Dat* ot completion of :he w;aich 

19 June 2002 



Examiner 

van Heusden, M 



CATEGORY OF CITHD DOCUMENTS 

X : particularly relevanl it taker akmu 

V : particularly relevanl it combined with another 

documenl ot the sane category 
A : tocnnclogicat background 
O : ron~writn»n disclosure 
P : ime-rnedialw drxaimerir 



T : theory or principle underlying Hie ".nveitbn 
E : earlier paten; document, out pub 'I shea cn. or 

afier the filing date 
t> . docurrent citeo in the application 
I.. : document cited fcr other reasons 

A : member si the same patent family, corresponding 
document 



14 



EP 1 254 962 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 00 9650 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of re leva nt passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



EP 0 774 512 A ( IMANAKA TADAYUKI ) 
21 May 1997 (1997-05-21) 

* examples 1-3,8-11 * 

EP 1 016 724 A (HSP KENKYUSHO KK ) 
5 July 2000 (2000-07-05) 

* figures 1,2; examples 3-6 * 

W0 93 25681 A (UNIV NEW YORK) 
23 December 1993 (1993-12-23) 

* example 6 * 

EP 0 885 967 A (HSP KENKYUSHO KK) 
23 December 1998 (1998-12-23) 

* claims 1-3,6,10-12; example 8 * 

RYABOVA L A ET AL: "CONTINUOUS-FLOW 
CELL-FREE TRANSLATION. 
TRANSCRIPTION-TRANSLATION, AND 
REPLICATION-TRANSLATION SYSTEMS" , METHODS 
IN MOLECULAR BIOLOGY, HUMANA PRESS INC. , 
CLIFTON, NJ, US, VOL. 77, PAGE(S) 179-193 
XP001023038 

* the whole document * 

FINK A L: "CHAPERON E-MED I ATED PROTEIN 
FOLDING" 

PHYSIOLOGICAL REVIEWS. AMERICAN 

PHYSIOLOGICAL SOCIETY, US. 

vol. 79, no. 2, April 1999 (1999-04), 

pages 425-449. XP000951465 

ISSN: 0031-9333 

* the whole document * 



1-20 



1-7,14, 
15,17-20 



1,2,14, 
15,17-20 



1,2,14, 
15,17-20 



16 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



1-20 



The present search report has been drawn up for all claims 



Place c. 4 

MUNICH 



Dale of ooniDluilon c? the Stinted 

19 June 2002 



Examiner 

van Heusden, M 



CAI IIGOMY OF CITED DOCUMENTS 

particularly reluvanl it taken alone 
particularly relevant H combined w'rtn another 
cocumcnt w the same category 
technological background 
: non -written disclosure 
Intermediate document 



T : tneory or principle uncerlying tne invention 
=■ : earlier paten: document, but publ shec on, or 

after the tiling oate 
C) : document died ;n the application 
i. : document cited for other reasons 

* : rnerr.ber oi the sar-e patent tamily, corresponding 
documen* 



EP 1 254 962 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 00 9650 



Ttus annex lists the patent family members relating to The patent documents cited in the above-menlioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office is in no way Habie for these particulars which are merely given for the purpose of information. 

19-06-2002 



Patent document 
cited in search reoort 



Publication 
dale 



Patent family 
member(s) 



Publication 
date 



WO 9424303 


A 


27- 


■10-1994 


AU 


693443 


B2 


02-07-1998 










AU 


6628894 


A 


08-11-1994 










CA 


2159899 


Al 


27-10-1994 










EP 


0693131 


Al 


24-01-1996 










JP 


8508651 


T 


17-09-1996 










NZ 


265504 


A 


25-09-1996 










WO 


9424303 


Al 


27-10-1994 










ZA 


9402335 


A 


05-10-1995 


W0 0008135 


A 


17- 


-02-2000 


AU 


5338199 


A 


28-02-2000 










WO 


00D8135 


Al 


17-02-2000 


EP 0774512 


A 


21- 


-05-1997 


JP 


9173078 


A 


08-07-1997 










EP 


0774512 


A2 


21-05-1997 


EP 1016724 


A 


05- 


-07-2000 


JP 


2000189163 


A 


11-07-2000 










EP 


1016724 


A2 


05-07-2000 










US 


6197547 


Bl 


06-03-2001 


W0 9325681 


A 


23- 


-12-1993 


WO 


9325681 


Al 


23-12-1993 


EP 0885967 


A 


23- 


-12-1998 


JP 


11009274 


A 


19-01-1999 










CA 


2235468 


Al 


20-12-1998 










EP 


0885967 


A2 


23-12-1998 










LIS 


6159708 


A 


12-12-2000 



For more details about this annex : see Offic.al JournaJ of the Euiopean Patent Office, No. 12/82 



16 



